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Abstract
Background: Our understanding of factors which affect adherence to health sustaining
self-care behaviours in adolescents with food allergy is limited. This study used the
Health Belief Model to explore the relationship between food allergic adolescents’
health beliefs, demographic, structural and social psychological factors with adherence
to self-care behaviours, including allergen avoidance and carrying emergency
medication.
Methods: A cross-sectional study of 188 13- to 19- olds identified from hospital
prescribed auto-injectable epinephrine for food allergy. Data were collected on
demographics, structural factors, social psychological factors, health beliefs and
current adherence behaviour using a postal questionnaire.
Results: Full adherence was reported by 16% of participants. Multivariate analysis
indicated that adherence was more likely to be reported if the adolescents belonged to
a support group (OR = 2.54, (1.04, 6.20) 95% CI), had an anaphylaxis management
plan (OR = 3.22, (1.18, 8.81) 95% CI), perceived their food allergy to be more severe
(OR = 1.24, (1.01, 1.52) 95% CI) and perceived fewer barriers to disease management
(OR = 0.87, (0.79, 0.96) 95% CI).
Conclusions: Membership of a patient support group and having an anaphylaxis
management plan were associated with good adherence to self-care behaviours in
adolescents with food allergy. Our results suggest that interventions to improve
provision and utilisation of management plans, address adolescents’ perceptions of the
severity of anaphylaxis and reduce barriers to disease management may facilitate good
adherence behaviours than focussing on knowledge-based interventions.
Food allergy is estimated to affect 1 in 40 adolescents and is
thought to be increasing in prevalence (1, 2). Key to successful
management of food allergy is avoidance of the allergen (3),
but an allergic reaction may still occur because of either
accidental or intentional allergen exposure. There is a wide
range of allergic symptoms from mild and localised to severe,
life-threatening multisystem reactions. Anaphylaxis, character-
ised as being rapid in onset with life-threatening airway,
breathing or circulatory problems and usually associated with
skin or mucosal changes (4), is the most serious form of allergic
reaction but can be managed acutely by the prompt adminis-
tration of epinephrine. Anaphylaxis can be fatal and a review
of deaths highlighted that most victims are adolescent or young
adults (5, 6) who have died as a result of delayed or non-
administration of epinephrine in the emergency situation (5–8).
Anaphylaxis management guidelines recommend that at risk
patients carry their auto-injectable epinephrine (AIE) at all
times (4, 9).
Lack of adherence to recommended treatment and self-care is
not unique to allergy; it is common in all disease processes. A
World Health Organization study estimated that only 50% of
patients in developed countries adhere to treatment guidelines
(10). Adherence is particularly troublesome amongst adoles-
cents, with levels as low as 10% reported for some chronic
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conditions (11). There are no good quantitative estimates of
adolescent adherence to carrying AIE, but estimates for patients
of all ages range from 30% to 78% (12, 13). Barriers to using
AIE in adolescents include not being able to decide when it is
necessary to administer the device, unawareness of the severity
of reactions, inappropriate optimism that the reaction will
resolve on its own, fear and anxiety (14). Some adolescents also
take risks by continuing to eat foods containing the allergen, not
informing friends or peers of their food allergy or how they
could help in the event of an acute reaction (15).
Traditionally, interventions to improve adherence to med-
ication and self-care behaviours have been largely educa-
tional, aiming to improve patient knowledge. In these
instances, the health professional is seen as the expert who
is there to impart knowledge to the patient, and the patient as
the obliging and willing recipient of this knowledge, who will
comply accordingly (16, 17). Whilst research has shown that
adherence is positively related to a patient’s understanding of
their disease and its management (18, 19), it is now widely
recognised that knowledge alone is insufficient to change
complex behaviours (20, 21). A review of strategies used to
improve adherence concluded that for complex behaviours
requiring lifestyle changes, addressing patients’ health
beliefs alongside providing patient education is a superior
approach (19).
As adherence to self-care behaviours for individuals with
food allergy involves a set of complex behaviours and lifestyle
changes (such as avoiding foods and certain situations, in
addition to carrying medication) prior to developing new
initiatives to promote adherence amongst adolescents it is
important to better understand the range of factors which are
associated with good adherence as well as those that act as a
deterrent (11). A number of theories of health behaviour have
been developed and one model used extensively to
help understand patients’ behaviour and treatment choices is
the Health Belief Model (22) (Fig. 1). This model has
been used in understanding parental adherence in two other
atopic conditions, asthma (23) and atopic dermatitis (24)
and has been successfully applied to adolescents with
chronic conditions, particularly focussing on those with
diabetes (25–28).
Methods
Study design and procedure
In this cross-sectional study, adolescents aged 13–19 with a
diagnosis of food allergy and AIE for management of severe
allergic reactions were recruited from two paediatric allergy
outpatient clinics in the south-east of England, UK. Partici-
pants unable to read, write or speak English were excluded.
Participants were sent an invitation, participant information
sheet, consent form and questionnaire. Individuals over 16 old
were sent these documents directly but for younger partici-
pants, this pack was sent to their guardians with an assent form
for the child. Questionnaires were returned to the research
team by freepost. The South East Research Ethics Committee
provided ethical approval (ref: 09/H1102/100).
The Health BeliefModel proposes that adherence is mediated
through demographic, social psychological (personality) and
structural variables (knowledge about the condition, prior
experience), in addition to specific health beliefs (22). The health
beliefs perceived severity (beliefs about how serious the condi-
tion is and the related consequences of the condition) coupled
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Figure 1 The Health Belief Model.
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with perceived susceptibility (the extent to which the individual
feels at risk of being exposed/suffering from the condition) and
cues to action, all contribute to the individual’s perception of
threat. The cues to action may be internal (e.g. bodily state or
symptom) or external (e.g. reminder about doctor’s appoint-
ment). The individual’s perception of threat of a condition plus
the perceived benefits (the effectiveness and availability of taking
a particular course of action) and the perceived barriers (the
negative aspects related to following the course of action) all
contribute to the likelihood of adherence (Fig. 1).
Questionnaire content
Health beliefs
The HBM items included in this study were adapted from a
widely used and validated questionnaire (29). This question-
naire includes 26 items measuring the five constructs identified
in the model – perceived severity (three items), perceived
susceptibility (three items), perceived benefits (six items),
perceived barriers (seven items) and cues to action (seven
items). All items were measured on a 5-point scale, anchored 1
(strongly disagree) and 5 (strongly agree) and summed across
each construct, so that higher scores represented more strongly
held beliefs. Validation of the factor structures has been
reported previously (30).
Demographic, structural and social factors
Participants were asked about their demographic characteris-
tics (age, gender and ethnicity).
Structural factors collected were food allergens, age at
diagnosis, presence or not of concomitant asthma, date last
seen by allergy specialist, anaphylaxis history (number of
severe allergic reactions) and auto-injector use (number of
occasions used and whether self-administered). Knowledge
of correct management of an acute anaphylactic reaction with
AIE was assessed by nine questions derived from manufac-
turer’s guidelines. Correct responses were summed to provide a
score for managing an acute serious reaction (range 0–9),
higher scores greater knowledge (Fig. 2). The questions related
to recognition of anaphylaxis, preparing the AIE for use
(checking expiry date, removing cap), and administration
(holding AIE correctly, possible use through clothing, injection
site, length of time AIE should be held in place) and follow-up
care. Participants were also asked about additional support
(including possession of an anaphylaxis management plan and
membership of an allergy or anaphylaxis patient support
group). Confidence in using AIE was measured with a modified
confidence scale, which included five-items about AIE admin-
istration (confidence in correct use, use without hesitation,
demonstration to doctor, practising administration and ability
to use) measured on a five-point Likert scale ranging from ‘not
sure at all’ to ‘absolutely sure’ (31). The confidence scale
ranged from 5 to 25 with high scores indicating greater
confidence in using the device. The measure demonstrated
good internal reliability (Cronbach’s a = 0.91).
The social psychological factor assessed was optimism, this
was chosen as optimism has been linked to taking proactive
steps to protecting one’s health, leading to better subjective
wellbeing and physical health (32). Optimism was assessed
using the revised Life Orientation Test (LOT-R) (33), but to
minimise participant burden, four filler statements were
excluded. This shortened version maintained good internal
reliability (Cronbach’s a = 0.80). Higher scores indicated
greater optimism (range 0–24).
Adherence to self-care behaviours
Participants were asked to respond to the statement ‘I carry
my auto-injector with me at all times’ on a five-point Likert
scale from ‘always true’ (1) to ‘never true’ (5). Adherence to
carrying AIE is often used as a single-item measure of self-care
(11–13). In food allergy, avoidance of the allergen is also an
essential element of preventive self-care behaviours. So using
the same Likert scale, we assessed the extent to which
participants avoided allergen containing foods, enquired about
ingredients when eating in restaurants and enquired about
ingredients when eating at friends’ houses. The score from the
four items were then summed (range 5–20) with higher scores
reflecting greater adherence. The internal reliability of this
multi-item measure of self-care was acceptable (Cronbach’s
a = 0.65).
Statistical analysis
Statistical analyses were performed using SPSS version 15.0
SPSS Inc. Chicago, Illinois. USA. for Windows. Data impu-
tation was used when scales had over half of the items present,
but if more than half were missing that scale was not analysed
for that participant. Imputation was achieved by calculating
the mean of items present and substituting this value for the
missing item. Kolmogorov–Smirnov and Shapiro–Wilk tests
showed that even after logarithmic transformation the depen-
dent variable (adherence to self-care behaviours) was not
normally distributed. To enable multivariate analysis, adher-
ence to self-care was converted into a binary measure with
adherence defined as those who responded ‘always true’ to all
self-care behaviour items. Nonparametric bivariate associa-
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Figure 2 Percentage of participants responding correctly to each
knowledge item (n = 188).
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tions (Spearman’s point-biserial) were conducted between
adherence to self-care behaviours and demographic character-
istics, social psychological factors, structural factors and health
beliefs. To explain variance in adherence to self-care behav-
iours, a stepwise logistic regression was conducted. To
maximise the ratio of sample size to variables, only those
variables which showed significant bivariate associations were
included in the regression analysis. Effect sizes generated by
the models were assessed using Nagelkerke’s R2 and the
classification tables. The Hosmer and Lemeshow test of
goodness of fit and chi-square test were used to assess overall
fit of the model. To ensure that the parameters of the
regression models had not been affected by multicollinearity,
the tolerance and VIF statistics were tested by linear regression
analysis.
Results
Of the 558 adolescents contacted, 204 questionnaires were
returned, of which 16 were ineligible (eight were unknown at
address, three had outgrown their food allergy, and five
had no prescription for AIE) giving an adjusted response rate
of 34% (188/542).
Descriptive results
Demographic factors
The mean age of participants was 15 (s.d. = 1.7) with an equal
distribution of males and females (50%). The majority of
patients (82%) described themselves as white (Table 1).
Structural factors
The most frequently reported food allergies were nuts (tree nut
79%, peanut 73%), less common were egg (20%), fish (13%),
shellfish (9%), dairy (7%), wheat (3%) and soya (1%). Two or
more food allergies were reported by 59% of adolescents
(n = 111). Age at diagnosis, presence of concomitant asthma,
date last seen by allergy specialist, anaphylaxis history and
auto-injector use (number of occasions used and whether self-
administered) are reported in Table 1.
Knowledgeofhowtouseauto-injectableepinephrine. Knowledge
scores were high with a mean of 7.78 (s.d. = 0.95, range = 5–9).
18% (n = 34) participants were able to identify correctly all
steps correct administration and scored the maximum of nine.
Poor knowledge was particularly prevalent in two areas,
knowing how to hold the AIE (44% incorrect) and the need
to always seek medical advice following administration of AIE
in case of a biphasic reaction (32% incorrect) (Fig. 2).
Confidence in using auto-injectable epinephrine. Participants
reported high confidence in their ability to use AIE, with 40%
feeling ‘sure’ and 37% feeling ‘absolutely sure’ of their ability
to correctly use AIE (M = 18.63, s.d. = 4.53).
Support. Over half (56%) of adolescents reported having an
anaphylaxis management plan and almost a third (31%)
belonged to an anaphylaxis or allergy support group (Table 1).
Social psychological factors
Personality. Higher scores on the LOT-R indicate greater
optimism. In our sample, moderate levels of optimism were
reported with a mean of 14.63 (s.d. = 4.00, range 4–24).
Health Beliefs
Perceived severity. Participants viewed their food allergy to be
relatively severe with a mean of 11.40 (s.d. = 2.55, range 3–15).
Perceived susceptibility. Participants perceived themselves to
be at moderate risk of suffering a serious allergic reaction
(mean = 9.64, s.d. = 2.60, range 3–15).
Perceived benefits. Participants were largely able to see the
benefits of their medication and following avoidance advice
(mean = 20.81, s.d. = 3.23, range 11–30).
Table 1 Demographic, structural and adherence characteristics of
participants (n = 188)
Demographic
Gender (% male) 50
Age (yr) Mean (s.d.), range 14.96 (1.66), 13–19
Ethnicity (%)
White 81.5
Black 6.0
Mixed Race 7.0
Asian 3.7
Other 1.6
Structural
Age of food allergy diagnosis (yr)
Mean (s.d.), range 4.74 (4.50), 0–17
Last saw a doctor about food allergy (months)
Mean (s.d.), range 12.43 (9.87), 1–48
Experienced anaphylaxis (% yes) 57
Number of anaphylactic reactions
Mean (s.d.) 1.12 (1.68)
0 anaphylactic reactions (%) 43
1 anaphylactic reactions 33
2 or more anaphylactic reactions 24
Personal use of AIE (% yes) 4
Number of times self-administered AIE
Mean (s.d.) 0.10 (0.66)
Range 0–8
AIE administered by others (% yes) 18
Number of times other has administered AIE for them
Mean (s.d.) 0.27 (0.72)
Range 0–5
Diagnosis of asthma (% yes) 63
Member of an anaphylaxis or allergy
support group (% yes)
31
Has a management plan for their
anaphylaxis (% yes)
56
Adherence
Carries AIE at all times (% ‘always true’) 41
Adherent to all self-care behaviours
(% always adherent)
30
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Perceived barriers. Participants reported strong feelings
towards the barriers regarding the management of food allergy
and medication (mean = 20.09, s.d. = 4.75, range 7–31).
Cues to action. Participants agreed with the statements that
prompts or cues were likely to improve adherence
(mean = 22.16, s.d. = 6.53, range 7–35).
Adherence to self-care behaviours
Full adherence was reported by 30 (16%) adolescents, who
responded ‘always true’ to each of the four self-care behaviours
measured. (Table 2).
Inferential results
Relationships between adherence to self-care behaviours and
explanatory measures
Adherence to desirable self-care behaviours were correlated
with being a member of a support group (rpb = 0.25,
p = 0.001), having an anaphylaxis management plan
(rpb = 0.22, p = 0.003), having greater confidence in using
their AIE (rpb = 0.23, p = 0.002), perceiving food allergy to be
more serious (rpb = 0.19, p = 0.010) and perceiving fewer
barriers to management (rpb = 0.23, p = 0.002). Variables
not correlated with reported adherence included demographic
factors (age, gender, ethnicity), structural factors (age at which
food allergy diagnosed, allergy specialist consultations, number
of anaphylactic reactions, previous AIE use, knowledge of AIE
and co-morbid asthma), social psychological factors (opti-
mism), and the health beliefs related to perceived susceptibility,
benefits and cues to action (Table 3).
Multivariate associations of adherence to self-care behaviours
A logistic regression analysis was performed using the five
factors identified as being significantly correlated with adher-
ence to self-care behaviours (belonging to an allergy/anaphy-
laxis support group, having an anaphylaxis management plan,
confidence in using AIE, perceived severity and perceived
barriers) (Table 4). This further analysis demonstrated that
adherence to self-care behaviours was greater in those who
belonged to a support group (OR = 2.54, (1.04, 6.20) 95% CI),
had an anaphylaxis management plan (OR = 3.22, (1.18, 8.81)
95% CI), perceived their food allergy to be more severe
(OR = 1.24, (1.01, 1.52) 95% CI) and perceived fewer barriers
to disease management (OR = 0.87, (0.79, 0.96) 95% CI).
However, confidence in managing an allergic reaction was no
longer found to have significant associations with adherence.
There was no evidence of collinearity between independent
variables and the Hosmer and Lemeshow test provided
evidence of good model fit (v²(8) = 6.02, p = 0.65).
Discussion
In this study, food allergic adolescents reported varying levels
of adherence to the different self-care behaviours necessary to
avoid allergic reactions. Whilst most generally tried to avoid
foods which they knew they were allergic to (85%), less were
adherent to asking about ingredients when eating in restau-
rants (42%) or at friends’ houses (35%). Forty-one per cent
reported carrying their AIE at all times. Overall adherence was
poor; only 16% of participants were adherent to all the aspects
of self-care investigated. Using the Health Belief Model, we
explored the relationship between health beliefs and demo-
graphic, structural and social psychological factors and adher-
ence to self-care behaviours. Two structural factors were
associated with better adherence; having an anaphylaxis
management plan was associated with threefold better adher-
ence to self-care behaviours and being a member of an
anaphylaxis, and/or allergy support group was associated with
over twofold better adherence. Adolescents who perceived their
food allergy to be more severe and reported fewer barriers to
managing their food allergy, also tended to report good
adherence.
Current guidelines advise health professionals to provide
anaphylaxis management plans (4, 9, 34) to promote patient
empowerment and better health outcomes. There is no
robust trial evidence for the utilisation of management plans
in anaphylaxis, but there are case series to justify their use
and our data add further supportive evidence (35). Whilst
use of management plans is advocated in guidelines and
clinical texts, less than three-fifths (56%) of adolescents
surveyed had one highlighting the need for health profes-
sionals to improve provision of anaphylaxis management
plans. The under-promotion of management plans by clini-
cians has been documented in other conditions, for example
asthma (36). Given the serious and potentially life-threaten-
ing consequences of anaphylaxis, research is needed to
understand why anaphylaxis management plans are some-
times not provided and to identify ways to encourage health
professionals to initiate and monitor the use of anaphylaxis
management plans.
Amongst participants in our study we found no association
between their knowledge of adrenaline use and their self-
adherence, challenging the commonly held assumption that it is
poor knowledge of managing anaphylaxis that is the underly-
ing reason for non-adherence. Instead our psychological
approach identified how adolescents’ perceptions of disease
severity and the barriers to managing food allergy influenced
adherence. Although this is the first study to directly assess the
health beliefs of patients with atopy, perceptions of disease
severity have been identified as an important predictor of
parental adherence in asthma (23) and atopic dermatitis (24)
suggesting that this psychological construct may be particu-
Table 2 Response to individual items on adherence scale (n = 188)
Adherence item
% responding
always true
I try to avoid foods which I know
I am allergic to
85
When I eat in a restaurant I ask about
the ingredients which have been used
42
When I eat at a friend’s house I ask
about ingredients which have been used
35
I carry my auto-injector with me at all times 41
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larly pertinent to those managing atopic conditions. Perpetu-
ating the belief that lack of knowledge is the problem, and
corrective education is the solution risks the development of
misguided educational interventions when in fact what we need
are more sophisticated interventions that change perceptions
and ultimately behaviour.
No guidelines explicitly recommend membership of a patient
support group, but our observations may suggest potential
benefit that is worthy of further exploration, to ascertain which
activities and resources are particularly influential in promoting
adherence. It is important to recognise that whilst our data are
supportive of patient support groups, causality cannot be
concluded given the cross-sectional design of our study. The
observed association may arise because the patient’s own
motivation to join a support group is the same as that which
leads them to engage in desirable self-care behaviours. Further
research is needed to explore how and why adolescents interact
with support groups and what they perceive as the helpful
aspects. To establish the true effectiveness of membership would
require appropriate evaluation using a randomised trial design.
The anaphylaxis management plans available to our ado-
lescents were knowledge-centric, focussing on correct admin-
istration of AIE and which symptoms to identify when deciding
to administer. If management plans were more holistic,
including ways to overcome specific barriers to managing food
allergy, results regarding their effectiveness may be even
greater. This is especially pertinent given our findings which
suggest that greater barriers to self-care are associated with
worse adherence. Understanding these barriers and developing
management plans to provide solutions to these are vital to
improve self-care behaviours amongst this population and
should be the direction for future research. Both patients and
health professionals should be involved in the design, content
and format of future anaphylaxis management plans, before
rigorous randomised trials comparing content of existing
management plans with newly designed management plans
can be carried out and provide us with much needed robust and
prospective evidence for their use.
As well as being the first study to quantify adolescent
adherence to self-care behaviours related to food allergy, this
study also applied a psychological model, the Health Belief
Model to further our understanding of adherence behaviours in
this population. However, this exploratory study is not without
limitations. The low response rate to the questionnaire (34%)
raises concerns over responder bias, but it is comparable with
previous published postal surveys amongst adolescents and
those with food allergy (37, 38), and our responders and non-
responders were comparable in gender, with only an average
difference in age of 6 months. Selection bias may persist
especially in regard to other demographics which were not
known for non-responders, such as ethnicity. It is reassuring
that the respondents were representative of the ethnic diversity
found in the City of London from where the majority of
participants were recruited. Using self-reporting to measure
adherence to self-care behaviours risks overinflated estimates
due to social desirability bias. To minimise this, we used
anonymised questionnaires which were returned directly to the
researcher rather than the clinician. The accuracy of adolescent
reported information about childhood events could be chal-
lenged. Whilst we encouraged adolescents to complete the
questionnaires with parental/guardian assistance, there was no
formal assessment of this and adolescents may have poor recall
of events from their early childhood. Finally, the generalisability
of these findings could be limited as participating adolescents
were recruited from specialist paediatric allergy clinics and
therefore their disease characteristics may be more severe than
those managed with food allergies in primary care.
In conclusion, this study highlights the need to be alert to the
high prevalence of low adherence to self-care behaviours
amongst adolescents with food allergy. This study has high-
lighted factors, other than knowledge, that may improve health
and wellbeing in the adolescent with food allergy.
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